A theory to describe the propagation of elastic waves in a porous medium saturated by a mixture of two immiscible, viscous, compressible fluids is presented. First, using the principle of virtual complementary work, the stress-strain relations are obtained for both anisotropic and isotropic media. Then the forms of the kinetic and dissipative energy density functions are derived under the assumption that the relative flow within the porous medium is of laminar type and obeys Darcy's law for two-phase flow in porous media. The equations of motion are derived, and a discussion of the different kinds of body waves that propagate in this type of medium is given. A theorem on the existence, uniqueness, and regularity of the solution of the equations of motion under appropriate initial and boundary conditions is stated.
INTRODUCTION
Our purpose is to develop a model describing the propagation of waves in an elastic system composed of a porous solid saturated by two immiscible, compressible, viscous fluids. We develop our equations for the case of water and oil using the indices "w" and "0" to refer to the water and oil phases, but the formulation is valid for any wetting-nonwetting system in which the "w" refers to the wetting phase and the "0" to the nonwetting phase.
The relative flow of both fluids with respect to the rock frame will be considered to be of laminar type and to obey Darcy's law for two-phase flow in porous media. Such relative movements of the fluids produce energy losses which are included in the model by introducing a dissipation function in the Lagrangian formulation of the equations of motion. The assumption of laminar flow implies that we are considering wavelengths which are much larger than the average size of the pores or, equivalently, frequencies below a certain critical value.
Capillary pressure effects due to the pressure difference between the two fluids are also taken into account in our derivation. The theory of wave propagation in a porous medium saturated by a single-phase fluid was presented by Biot. •-3 Burridge and Keller 4 gave an alternate derivation of Biot The organization of the paper is as follows. In Sec. I we obtain the form of the strain energy density using the principle of virtual complementary work and derive stress-strain relations for both anisotropic and isotropic media. In Sec. II we determine expressions for the kinetic and dissipation energy densities and then state the Lagrangian form of the equations of motion, using as generalized coordinates the solid displacement and the oil and water relative displacement vectors. The expression for the dissipation function is obtained under the assumption that the relative flow within the porous medium takes place according to Darcy's law for two-phase flow in porous media.
In Sec. III we analyze the equations of motion for isotropic media with the object of determining the different kinds of waves which propagate in this type of medium. We find that there are five possible different body waves, three of them corresponding to compressional modes of propagation and the other two, of identical speed, associated with shear modes. This is an expected generalization of the single-phase theory of Biot. Analytical properties and attenuation effects for each of these waves will be given in a complementary publication. 7
Finally, in Sec. IV we present results on the existence and uniqueness of the solution of the equations of motion derived in Sec. II under appropriate initial and boundary conditions.
I. THE STRESS-STRAIN RELATIONS
Let us consider a porous medium f• saturated by a mixture of oil and water, and let So = So (x) and Sw = Sw (x) denote the oil and water saturations, respectively. We assume that the two phases completely saturate the porous part of fl, which we shall denote by lip, so that Since the total stress field is also in equilibrium,
•7oT = •Tij = 0, 
The fact that 6W* is an exact differential also implies that 
Note that, when the constraint (2) is imposed on the system, • ,e, 8t 8t 2 8t 8t To obtain the equation governing the propagation of dilatational waves, we apply the divergence operator to the relations above. In doing so, we get the equations 
